
val Research Laboratory
hington, DC 20375-5000

NRL Report 9267

Parallel Access Main Memory (PAMM)
User's Manual, Version 1.0

TODD J. ROSENAU

Integrated Warfare Technology Branch
Information Technology Division

MONA EL-KADI

Locus, Inc.
Alexandria, VA 22303

September 15, 1990

Approved for public release; distribution unlimited.





Form Approved
REPORT DOCUMENTATION PAGE I 0MB No. 0704-0188

Publ,< reporilng burden for tihs toletrn of information *s est-iated to averaqe t hour Per response. incirieg the time for reviewing instructons, search ng enisting data sources
gathering and riaintaining she data erneged. vnd iynipntrng and resirwng tehe collection o1 inl orenation Send Comments revarding th 's burden estimat~le or any otter apct ot This
tollectron ol niorreation. including suggestions for reducing fis barden to W~asriigton neadguarrers Services. Directorate for InifOrmat on Operations and Reports. 215 Jefferson
Da.srl Highinae. S are 1204. Arlington .VA 22202At302 and to tie Office ol Management and Oudget. Paperwork Reducton Project{07040 1 8)8 Washtnqton. DC 20503

1. AGENCY USE ONLY (Leave blak)j 2. REPORT DATE 3. REPORT TYPE AND DATES COVEREDI Final 6/87 - 3/90
4. TITLE AND SUBTITLE 5. FUNDING NUMBERS

Parallel Access Main Memory (PAMM) PE - 63223C
User's Manual, Version 1 0 PE - 5-234C

__ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ ___.__ __ _ PN - 55-2354-C-0
6. AUTHOR(S) WU - DN155-502

T. J. Rosenau and Mona El-Kadi*

7. PERFORMING ORGANIZArION NAME(S) AND ADORESS(ES) 8. PERFORMING ORGANIZATION
REPORT NUMBER

Naval Research Laboratory
Washington, DC 20375-5000 NRL Report 9267

9. SPONSCORING (MONITORING AGENCY NAME(S) AND ADDRESS(E.S) 10. SPONSORING / MONITORING
AGENCY REPORT NUMBER

Strategic Defense Initiative Organization
Washington, DC 20301-7100

11. SUPPLEMENTARY NOTES

*Locus, Inc, Alexandria, VA 22303

12a. DISTRIBUTION /AVAILABILITY STATEMENT 12b. DISTRIBUTION CODE

Approved for public release; distribution unlimited.

13. ABSTRACT (Maximum200vwords)

Here we describe the structure and use of the parallel access main memory (PAMM) database
management system (DBMS) interface for C programmers. PAMM is a high-speed, high-throughput
DBMS that allows concurrent access to data stored in a distributed data structure across all of the pro-
cessors in a general-purpose, multiprocessor computer. Concurrency is achieved by allowing several
tasks executing on different processors to access the database at the same time with a minimum of
locking. This allows an application's tasks to proceed with a minimum of delay. Its high speed is
achieved by keeping most of the data and index structures resident in main memory, thus reducing the
number of disk accesses performed. The data structure and storage method for the DBMS are a mul-
tidirectory hashing, distributed lock system that Sakti Pramanik and Charles Severance at Michigan
State University developed for the Naval Research Laboratory (NRL). PAMM has been implemented
on a 32-processor BBN Butterfly GP1O00 at NRL.

14. SUBJECT TERMS 15. NUMBER OF PAGES

42Parallel processing Hashing 16. PRICE CODE

Database management systems

17. SECURITY CLASSIFICATION 18. SECURITY CLASSIFICATION 19. SECURITY CLASSIFICATION 20. LIMITATION OF ABSTRACT
OF REPORT OF THIS PAGE OF A85TRACT

UNCLASSIFIED UNCLASSIFIED UNCLASSIFIED UL
t iJM5 f~OJtf-LJ5U S AnA nCtdA rd orm 295 ioe _2.-S

Siandard Formr 29B iRev 2-B9)
Prescrlbed by AN5 51d z3918
29- 122

WZ5N 11140-|.7l-2bu_,-SEOC

i



CONTENTS

1.0 INTRODUCTION ............................... - . . ........... 1

2.0 SYSTEM OVERVIEW.. 2

2.1 Schema Files ....................... . 3

3.0 INTERFACE DESCRIPTION ....................... I 6

3.1 Initialization Routine. 6
3.2 Database Manipulation. 6
3.3 Table Manipulation Routines ......................... 7 . .......... ... 7
3.4 Record M anipulation Routines .. ......-...-..... -..................................................... 8

4.0 PROGRAMMING EXAMPLES ............................... I 9

4.1 PAMM Initialization. 9
4.2 Creating a Database. 9
4.3 Opening a Database ..................... 10......................................... 
4.4 Closing a Database ..................... ......................................... 10
4.5 Destroying a Database .............................................................. 10
4.6 Creating a Table ............................. - .. 11
4.7 Loading a Table ............... .................................. 11
A4R nnpning a Tblep 12

4.9 Closing a Table .13
4.10 Saving a Table ............... . ...................................... 13
4.11 Unloading a Table .13
4.12 Deleting a Table .14
4.13 Inserting a Record .......................................................................... 14
4.14 Reading a Record .......................................................................... 14
4.15 Updating a Record . ........................................................................ 15
4.16 Deleting a Record ........................... .............................................. 15
4.17 Initiating a Database Session .16

5.0 DEBUGGING PAMM .. 18

6.0 EVENT LOGGER ................ . .................................................. 18

7.0 REFERENCES ............... I ................................................. 19

APPENDIX - Parallel Access Main Memory (PAMM) User's Manual,
Conunand Definition Pages .................. - 21

iii



PARALLEL ACCESS MAIN MEMORY (PAMM)

User's MIanual, Version 1.0

1.0 INTRODUCTION

Often, when a data-intensive application is running, the need to access all of the data
efficiently and at random can be the most time-consuming portion of the execution time. This can
happen when the computer application is running or has an insufficient amount of main memory or
slow secnan ry Ak .narr A ran'ta'nv 1f 4estta osn nansan* cotase.. (All.A C 'rs nl nOn an

typical computer must also share resources with the application for which it is storing data and any
other applications that may be running that may seriously degrade its performance. What is needed
is a DBMS wit an abundance of main memory that has enough computing power to keep all of the
memory busy in which to store data[lj.

One computer that satisfies these requirements is BBN's Butterfly GPIOOO [2,3]. This
computer can have up to 128 processors with a maximum of 512 Mbytes of main memory. Each
processor is a Motorola 68020, with 4 Mbytes of main memory. The Naval Research Laboratory
(NRL) hasdeveloped a highspeed, concurrent-arcess, main mmnrv ThRM that has been
implemented on a 32-processor GP1000. Here we describe the interface to the parallel access main
memory (PAMM) DBMS on the GPIOO.

PAMM is based on research by Sakti Pramanik and Charles Severance at Michigan State
University. They developed multidirectory hashing [41, which is a data-hashing scheme involving
multiple hash tables instead of just one. This hashing method was then modified [5-8] to allow
concurrent access to the multiple hash tables by multiple processors across distributed, shared
memory. The PAMM DBMS is a working prototype that uses these algorithms; it can be used as
the data manager for an application running on the Butterfly OP1000.

2.0 SYSTEM OVERVIEW

PAMM was developed as a high-speed, high-throughput, concurrent-access DBMS for use
on a general-purpose parallel processor such as the GP1000 [9]. It maintains data records in a
dynamic, distributed data structure [10] that allows concurrent access to records within the PAMM
structure with a minimum of locking. Access to data is through a two-phase hashing function to
distributed hash tables (Fig. 1). The first phase of the hash function determines the hash table or
X-^o,~ ^esA *nt 4 tWhi Aata rvanrrl rmict hass nloar'Ai and thlro cprnnri nhance teterminnsc wherp in thic

ar. t At A s xnt.3x1 LXd. raz sX aIus ... -s o ; - --. --. E m _-ll . . --.

directory the record must go. The number of directories is much greater than the number of
processors used, so each processor has several different directories resident within its memory.
Once the directory is determined, the record will be hashed into a chain-linked hash table in that
directory. Thus, to determine where a record will be located, two separate hash function
computations must be performed. If a maximum limit can be placed on the time to search a chain,
then the access time to insert, find, update, or delete a record should be upper bounded by some
constant.

1
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Fig. 1 - Two-phase hashing method

This method works fine until the number of records within a single directory increases to
the point where searching the linked list of records becomes a major component of the time to find
a record. Once this point is reached, performance begins to degrade unless the size of each
directory is reduced. At a user-specified threshold, PAMM creates a new directory, and the
records from the overfilled directory are redistributed between the old and the new directories.
Statistics for each directory are kept so that memory use and average chain length can be
monitored. Thus, PAMM is a dynamic, concurrent-access DBMS with a user definable upper
bound on the maximum access time.

Since PAMM is a usable DBMS, it has long-term storage mechanisms for maintaining
table structure and table data over multiple sessions. Long-term storage is facilitated by using data
dictionaries to store information about tables and their attributes. When the database is open
(loaded into main memory), the dictionaries and tables are loaded into main memory as PAMM
structures; otherwise, they are stored as Mach 100 (UNIX) files. Two dictionaries are associated
with each database, where each database is a separate collection of tables and data and has a unique
name. The main dictionary is the table dictionary, which stores necessary, long-term information
about each table. The other dictionary is the attribute dictionary, which stores information about
eve ntnt8 i f,- in Peah tcule. tinrep ac'rh rie-tnnQrn is al-s e tahklaon h i- -scraib. in. krntl
dctionaries. Te table and attribute dicionaries are named "db _name.td" and "db name.ad,"
respectively, where "db name" is the name of the current database. Besides the file extensions
".d" and ".ad" for data dictionaries, table names end in t .dat" and table schema files end with
".scm". These are described in more detail.

2.1 Schema Files

For the database to create new tables (including the dictionaries), information about the
structure of the new table must be passed into the system. One method of accomplishing this task
is to pass a list or data structure of table format parameters to the create table routine. This is
awkward and difficult to code into an application program. Instead we have chosen to associate a

2
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schemaffle with every table and data dictionary within a database. A schema file is a separate file
associated with a table and contains instructions specifying the exact structure of the respective
table. This method allows all table formats to be viewed and modified without having to change
any code. Schema files have a uniform, simple layout for easy, fast creation or modification of a
table's format. The syntax of a schema file is as follows:

database db name
attr at tribfutel _ame, type f ield 1 type, key I
attr attribute2_name, type field type, key 0
attr attribute3_name, type fieldtype, key 0

attr attributeNname, type field-type, key 0
end

A schema file consists of several lines of text describing various features of the table. in
the example above, all necessary keywords are shown in bold including commas. The first line in
a schema file specifies the name of the database in which this file belongs. The keyword
database must be the first word in the schema file, followed by the name of the database to Which
this table belongs. Following this line are the descriptions of all attributes within this table. For
clarity, each line describes only one attribute. The first word in an attribute description line is the
keyword attr, followed by the name of the attribute. The only restrictions on an attribute's name
are that it can be no longer than 31 characters and cannot contain a comma. The attribute's name is
then followed by a comma and the keyword type. After the keyword, the type of the attribute is
specified, followed by another comma. The last section in the attribute description is signaled by
the keyword key, followed by a number specifying whether or not the attribute is a key field. If
the number is a zero, the attribute is not a key field. Otherwise, the integer value represents the
ranking of the attribute in the key (1 is the primary field in the key, 2 is the secondary field in the
key, etc.). Unfortunately, at this point in development, the only valid values for the key priorities
are zero and one, and the key field must be an integer.

TYPE C TYPE SIZE DESCRIPTON
char char I byte 8-bit character
short short 2 bytes 16-bit short integer
integer int 4 bytes 32-bit integer
long long 4 bytes 32-bit integer
float float 4 bytes 32-bit, single-precision, floating point
double double 8 bytes 64-bit, double-precision, floating

point
string N char[N] N bytes N-1 byte character string, plus null

terminator

The valid types for an attribute are char, short, integer, long, float, double, and
string N. The type char (C type: char) is for storing a single character (or other 8-bit field), and
occupies one byte of memory. The type short (C type: short) is a 16-bit integer that occupies two
bytes of memory. The type integer (C type: int) is a 32-bit integer field that occupies four bytes
of memory. The type long (C type: long) is also a 32-bit integer field that occupies four bytes of
memory. Although these two fields are the same size, the provision is made to handle both data
types for those applications that use both, or PAMM may be ported to a multiprocessor that does.
The next field is float (C type: float), a single-precision, floating-point variable of length 32-bits

3
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(four bytes). The type double (C type: double) is a double precision, floating-point variable of
length 64-bits (8 bytes). Lastly, the type string N (C type: charl)) is a character string of length
N, including a null terminator.

Both data dictionaries are stored as tables and thus have corresponding schema files. The
table dictionary's schema file is listed below as an example and provides a definition of its
attributes:

table dict.scm -table dictionary schema file

database master
attr tableid, type long, key 1
attr tablename, type string 32, key 0
attr numattrs, type short, key 0
attr firstattr, type long, key 0
atntr rec lengLh, type short, key u
attr max chains, type integer, key 0
attr split_val, type float, key 0
attr overflow, type float, key 0
attr initialnm, type integer, key 0
attr maxdirs, type integer, key 0
attr sup_ dups, type short, key 0
attr sortchain, type short, key 0

end

The database name associated with both dictionaries is master, which is ignored when the
dictionaries are created. Instead, the database name is assigned when the application creates a new
database and is stored in the name of both dictionaries (i.e., dlname.td and sbname.ad, where
dcbnaame is the name of the database). Since the table and attribute dictionary schema files are the
samne for all databases, they are named "tabledict.scm" and "aurr_dictscm," respectively.

The first attribute of the table dictionary is the key field named table id of type long. At
this stage in PAMM's development, the only kev field allowed is a 32-bit integer value that must be
the first four bytes in every record. The second attribute is tablename, which is of type string
32. Because of internal PAMM design decisions, database, table, and attribute names can be a
maximum of MAXNAME (32) characters, including file extensions and null terminators. Thus,
database names can be 28 characters plus extension (ttd\t` or `.ad\N'); table names can be a
maximum of 27 characters plus extension (".datO"); and attributes can be a maximum of 31
characters plus null terminator (`\N"). The third attribute is num aurs of type short. This field
contains the number of attributes in the table being described. Tie fourth attribute isfirst_attr, of
type long. It contains the attribute ID for the first attribute in the attribute dictionary. The attribute
Mq fnr a narticular table are seqnentialtv increasing integers ranging from first atr to (first our +
nwn-_atrs -1), and are disjoint from any other tables' attribute IDs. The ffth attribute is rec length
of type short - the length of the table's record in bytes. The sixth attribute is max chains of type
integer, and specifies the maximum number of linked lists or chains allowed in each directory.
The seventh attribute is split val of type float; this floating point number specifies the splitting
threshold for a P directory. If the current directory is number P and the average chain length is
greater than or equal to splitval this directory can be split in two. Average chain length is
computed as follows:

4
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number of records in directory

number of nonempty chains in directory

The eighth attribute is overflow of type float. It also specifies a splitting threshold for a directory
that is not the P directory. The ninth attribute is inifialm of type integer. When a table is first
loaded into memory, a default number of empty directories can be created - a number set by the
user ahead of time. The tenth attribute is maxdirs of type integer; this specifies the maximum
number of directories allowed for a particular table. The eleventh attribute is supdups of type
short; this is a Boolean value, which is set to TRUE if duplicate records are to be suppressed and
FALSE if duplicates are allowed. The twelfth and last attribute is sortchain of type short; this is
also a Boolean value, whiich is T 'UrU if the chains in each directory are to be kept sorted and
FALSE if the chains are not sorted

Another dictionary schema file is listed for the attribute dictionary, "attrdict.scm:"

attrdict.scm - attribute dictionary schema file

database master
attr attrid, type long, key 1
attr attrname, type string 32, key 0
attr table id, type long, key 0
attr attrtype, type short, key 0
attr attrpos, type short, key 0
attr attroffset, type short, key 0
attr attrlength, type short, key 0
attr attr priority, type short, key 0

ena

The first attribute is ar id of type long; it is the attribute ID for this partcular attribute. A unique,
long integer ID exists for all attributes in the tables. The second attribute is attrname of type
string 32; it is a character string of length 32 characters. With the null terminator ('N)"), the
maximum length of an attribute name is 31 characters. The third attribute is table id of type long;
this is the table ID for the table to which the attribute belongs. The fourth attribute is atty__pe of
type short, which specifies the data type of the attribute. The set of possible types are: (char,
short, integer, long, float, double, string N). The fifth attribute is artr pos of type short;
this specifies the position of the attribute within the record with the first attribute's position set to
one. The sixth attribute is ttroffset of type short; this specifies the byte offset of the attribute
within the record relative to the first attribute in the record. The byte offset of the first attribute in a
record is always zero. The seventh attribute is attr_length of type short; this number stores the
size of the attribute in bytes . The eighth and last attribute is keyfiriority of type short; this
number determines whether or not the attribute is a part of the key. If this value is zero, it is not a
part of the key; otherwise, the value will determine the attribute's ranking within the key (i.e., one
is the major component of the key field, two is the second major component of the key, etc.. At
this point in PAMM's development, the key field can consist of only one attribute, and it must be
an integer field in the first position in the record.

5
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3.9 INTERFACE DESCRIPTION

PAMM is implemented as a library of routines that is compiled with the application
program. It was written in the C programing language. A simple interface accesses the underlying
data structures. The interface routines to PAMM are divided into four distinct groups:
initialization, database manipulation, table manipulation, and record manipulation. The
initialzation routine creates all necessary global data structures and makes them available to all of
the future child tasks. Database manipulation routines allow a database to be created, opened,
closed and destroyed. Table routines allow specified tables to be created, opened, loaded,
unloaded, saved, closed, and destroyed. Record routines allow data records to be inserted, read,
updated, and deleted.

Application programs that use the PAMM DBMS must contain the include file "pamm.h"
in all source code modules. For all applications, the command "#defie MAIN" must precede the
command "#include <pamm.h>" in one and only one source code module (preferably the module
with the main routine declared in it). If the application has more than one source code module, the
remaining modules must call tfhe command '#undet MAIN" before calling the command "#include
cpainm.h>". All interface routines return an integer value displaying the status of the returning
routine that can be found in the pamm.h include file. The interface routines are described below.

3.1 Initialization Routine

Pjnit() - This function allocates and initializes all of the global data structures that PAMM uses.
It muist hep rllpd hefnre anvvm noher PA RMM routine exrpnt P rratP IRflfl PfXdstroy fR( 1M
Pcreate() and P deletetableQ, and it must be called by the parent task of all tasks that will
access the PAMM structures, because this function will set the memory inheritance for all
global memory. It returns the values OK ifPinie( completed successfully or NOTOK if
an error occurred.

3.2 Database Manipulation
flnrnntnUff'fD nn/Y.o",,.e\ M T fh Vamnrin xn rr*4if that a datat'hka with thp nmimp "7TIP name"

IL __~V1tsULt,__.LAJ\ A.5 &IfLL44.1 / 11110 t1%.41 Ytfl..- LIa' -..% fltt~ .i * .tA -lA *aha --

does not already exist and then makes a new database by creating a data dictionary and an
attribute dictionary named "DR name.td" and '"DRname.ad," respectively. It returns the
values OK if Pcreate DBQ completed successfully, DEALREADYEXISTED if there
previously existed a database with the same name, or DBCREATEFAILED if an error
occurred.

PopenDB(`DB -name") - This function opens the database named "DR name" and toads the
two dictionaries into PAMM tables. P_open DB( must be called before any of the table
and record manipulation routines, but after Pinit(. It returns the values OK if
P open DB() completed successfully, DBDICTIONARY_DAMAGED if one of the
dictionanres became corrupted, or DBOPENFAILED if an error occued.

PcloseDB("DB name", wait) - This function closes the database named "DBR name." It takes
two parameters: DB name and wait. "DBname" is the database to be closed and wait is
of type BOOLEAN That specifies whether PcloseDRJ should wait for all tables to close
before closing the database, or, if any tables are still open, return immediately with a code.
P_- r - - nn,% --- I aI1 -,aIbl s-l resi-d4i, -.. .nnn.rqn in 0 A RKr4 faK lscc ;ntor CioSt- vnj~j uixluiuatx an. 2lflt?, bull Ivbnuni3n1 aio In 311 A1V. j AL CIIVAIY* 1444flLO AA-t
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secondary storage. Finally, it closes and unloads the two dictionary tables. The routine
P close DBO returns the values OK if it completed successfully,
OPENTABLEBUTCANTWAIT if tables are still open but the wait variable was not
set, or DB&CLOSEJFAILED if an error occurred.

P_destroyDB("DB name") -This function destroys the two dictionaries and all tables belonging
to the database named "DB name" by physically removing the Mach (UNIX) files from
disk; thus this operation is nonreversible. The database to be destroyed must not be open
Ar ;+ will fail. P1 estroy D I returns the values OK if it completed scrcesfully,

DBDIDNOTEXIST if the database to be destroyed did not exist, or
DESTROY_DBFAILED if an error occurred

2.3 Toble Maniulafion foutinne
. A. & ltL%, ittaisi

Pcreate("table name") - This function creates a new table called "tablename.da" according to
the desription in the new table's schema file. Every table has a corresponding schema file,
;nnlnA;nu bnth Airtinnsri(ee (vee Riectrnn 1) that tells which datahase the tahle helonns in

and the names and descriptions of all the attributes in the table. This routine must be called
before PopenDBfJ because it will add the new table's description directly into the two
dictionary files in secondary storage - not into the dictionaries' PAMM structures in main
memory. P create{) returns the values OK if the routine is completed successfully,
SCHEMANOTFOuND if the table's schema file was not present,
SCHEMASYNTAXERROR if the schema file description had an error,
TABLEALREADYEXISTS if that table already existed, or CREATEFAILED if an
error occurred.

Pload("table name", &newparameters) - This function loads the records from the file
"tablename.dat" into a PAMM table in main memory. The table's database must already
be open, and the table must already have been created. Pload{) must be called before the
table can be opened (Pooen(J) for access even if there are no records to be loaded, because
P load( creates the new PAMM data structures in main memory. If it is desired that the
PXMM table parameters be changed from the default values, newgparameters will be
passed in with the new set of parameters. Newjarameters is of PARMTYPE, which can
be found in pamm.h, along with the default values stored in the variable, initial table.
P-ioad() returns OK l ift cor-pl-t.1 s-uccessif-11y, TAf ALAOTCVIWT Lif at La4unn wVas
not listed in the table dictionary, TOO_MANYTABLES if there are too many loaded
tables, (MAX OPENTABLE = 20) or LOADFAILED if an error occurred.

P_open(t:ablename", accessmode, &td) - This function opens the table called "table-name."
The table must already be loaded before it can be opened. The variable td must be declared
as a record of type PAMMTYPE in the calling program, and its address is passed into
P-open(. Upon returning from P open 9, td is a valid table descriptor. The table is

___ 1.... ...... An~~~4 1f~14,A ---- t.,To ora v Ofl A rl

openeG WLn tne permUSiUit ICv1 giVUIt Uy ULttc _(fU.JLC. Y anyI "9atMA.J3 Wyj- %I LnA,

WRITE, and READWRITE. Popen() returns OK if the table was opened successfully,
TABLENOTEXIST if the table was not found in the table dictionary,
TABLENOTLOADED if the table was not loaded into main memory, or
INVALIDEACCESSTYPE if it was opened with an incorrect access type.

P_close(&d - This function closes the table referenced by the table descriptor td and invalidates
the table descriptor when it returns. P_close() returns OK if the table was closed
successfully or TABLENOTOPEN if the table was not previously open.

7
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Psave(`table_name" 1 "diskfilename") - This function unloads the data in main memory from
the table named tablename into a file on disk called "diskfile_name"; it does not remove
the table from the main memory database, but it makes a copy of the table onto disk. This
routine saves the contents of a table without having to close the table. We recommend that
"diskjile name" not equal "table name.dat" because the intermediate file will be
overwritten when the table is unloaded. P save 9 returns OK if it completed successfully,
TABLENOTEXIST if tablename is not in the database, or SAVE FAILED if an error
occurred.

Punmoad("tablename") - This function unloads the data in main memory from the table named
"table name" into the file on disk, "tablename.dat," and then removes the table from main
memory. A table that is open cannot be unloaded. Punload() will return OK if it
completed successfully, TABLENOT_EXIST if "table name" is not in the database,
TABLESTILL_OPEN if "tablename" is still open, or UNLOADFAILED if an error
occurred.

Pdeletetable(tab/ename") - This function deletes a table with the name "table name.dat." It
requires that a schema file of the correct format exists called "tablename.scrn."
P deletezable() deletes the given table's information from both data dictionaries without
loading the database into main memory and also deletes the data file for the table, which is
called "tablename.dat." Thus the Pdelete tableo must be called before P openDBQ or
after Pclose_DBO. Pdelete_tableQ) returns OK if the table was deleted successfuy from
the database, SCHEMA_NOT_FOUND if the schema file named "tablename.scm" was
nnt fnrrnd 5,1-RMA SYNTAX PRROR if the schema file "table nameScm " was not in
the correct form, TABLENOTEXIST if the table was not in Fte table dictionary, or
DELETETABLEFAILED if an error occued.

3.4 Record Manipulation Routines

Pinsert(&ed, &dasare) - This function inserts a record pointed to by datarec into the table
described by td. The key for the record is assumed to be the first four bytes of data rec.
P intsetr( returne OK if the reconr wuas incvrted crerssvfully NC) WRITE PERM if the

table was not opened with WRITE or READWRITE permission, or DUPLICATEKEY
if a record with that key is already in the table and duplicate suppression is tuned off.

P~read(&td, key, &datamrec) - This function reads a record from the table described by ed with
the key, and key into a buffer pointed to by data rec. Datarec must be the address of a
buffer that exists in the calling program's memory. The table must be open for READ or
READWRITE permission. P read( returns OK if the record was read successfully,
TAD? IXS NTCT' iDPM ;f *lhe to1'Ih' wsn nrt nnen nr the erm"pjivnne were wrIngv or
RECORDNOTFOUND if the record with key, key, is not in the table.

[Lupdate(&rd, &dararec) -This function replaces a record in the table described by td with the
contents of datarec. The key for the record is assumed to be the first four bytes of
data_rec. P -update returns OK if it completed successfully, NQOWRITEPERM if the
table was not opened with WRITE or READWRITE permission, or
RECORD_NOTFOUND if the record with the specified key was not found.

8
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Pdelete(&td, key) - This function deletes a record with key, key, from the table described by td.
Pdelete() returns OK if the record was deleted successfully, NOWRITEPERM if the
table was not opened with WRITE or READWRITE permission, or
RFCORD) NOT FOT INT) if2 rGecnr with the, cnecifi(ed key iK nnt fnund

4.0 PROGRAMMING EXAMPLES

All PAMM interface routines return an integer status variable that can be found in the
include file pamm.h. For the following examples, we use an integer variable named result for
storing all status values.

4.1 PAMM initialization

Before PAMM can be used, it must be initialized by calling P initQ; this allocates and
initializes all global data structures that PAMM needs. Thus, P -init) must be called before any
routine that accesses the PAMM tables (all routines except P createDB(, P_destroy DB(,
P_create 9, and P delete_table ). Pinit( must also be called in the task that is a common
ancestor to all tasks that access the PAMM tables because only those tasks that are its children
inherit its memory address space. The code for initializing PAMM in an application program is:

if ((result = P inito) != OK)

printf("ERROR P init returned %dcnT", result);

4.2 Creating a Database

Tr n .qat qack",ern +i-nr. nnv t afv~;t ; fha Abrnrtnnr nut I-bA A.t~soken "n* A;n*onn0^
v t t Ltt L a d >t'aoL, LWF -AL' hf AOJ fi)L 11. l1~ _L- J EJL "OLil a aLLL

and "tabledict.scm." These two files come with the PAMM package and can be moved or copied
but must never be altered. The ".scm" suffix on a file name means that the file is a schema file and
that it specifies the structure of a table, such as the number, type, and order of the attributes (see
Section 2.1). The command PcreateiDB(database name) creates the attribute and table
dictionaries for the database name passed in the parameter databasename according to the two
schema files. The code for creating a new database is:

char databasename[291;

strcpy(database name, "UDB name");
if ((result = P createDsBdatabase name)) != OK)
_

printf("ERROR PcreateDB returned %d\n", result);
I

where "DBname" can be any alphabetic character string no longer than 28 characters. After this
code is run, the fies "DBname.1u" and uDn_nUMrc.dU winl tXisL in Lthe uiuv.euly, UaU tbUles mUay
then be put in the database.

9
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4.3 Opening a Database

To open a database, the command Popen DB(databasename) must be called. The
parameter database name specifies the name of the database to be opened. As before, the
maximum length of the name of the database is 28 characters (excluding file extension). This
operation allocates and initializes all global data structures that PAMM needs. P open DBQ then
loads into Paivi tattes both data dictionaries (named `DBname.tdW and "DB _name.ad"), where
"DB'_name" is the name of our example database. The code for opening a database is:

nha~r rbi1-hais nun.F9~ [qI!

strcpy(database name, "tDB name"I);
if ((result = P openDB(databasename)) 1= OK)

printf('ERROR PopenDB returned %d\n", result);

4.4 Closing a Database

To close a database, the command Pclose DR(data basename, wait) must be executed.
This command unloads all tables currently in main memory back to secondary memory that belong
to the database specified by the parameter databasename. The wait parameter specifies if
PcloseDRB should wait for any open tables to be closed (wait = TRUE) or if it should return
immediately without closing the rest of the database (wait = FALSE). The code for closing a
database is:

int wait;
char databasename[291;

wait = FALSE;
strcpy 5 \Ud uaJa LLse-name, LD naLe "L re

if ((result = Pclose_-D(databasename, wait)) != OK)

printf("ERROR PcloseOB returned %d\n", result);
}

4.5 Destroying a Database

To destroy a database and all of its tables, the command is P destroyDB(dazabase_name).
This command deletes all the .dat files of the tables in the database whose names are specified by
the parameter database name and also deletes the two data dictionaries, "database name.ad" and
"databasenamed." All of the tables and the database must be closed before executing. The code
for detrnvinor a drtahase is:

10
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char databasename [291;

strcpy(databasename, "DB Bname");
if ((result = P destroy_DB(databasename)) != OK)
{

printf("ERROR Pdestroy_DB returned %d\n", result);
I

4.6 Creating a Table

To create a new table, the command is P create(tablename). A table is created in the same
directory as the database to which it will belong, and its name will be specified in the parameter
tablename. The table name must be no longer than 27 characters, excluding the file extension,
"tdat\0. This command searches in the same directory for a schema file named
"tablename.scm," which must be in the correct format (see Section 2.1 for format details).
Pcreatet) must be called before P open- DBQ or after PcloseDB() because it places the
information about the table and its attributes directly into the two data dictionary files, not into a
PAMM structure. The code to create a new table is:

char tab lename 2]2 ;

strcpy(tablename, "1tablel");
if ((result = P create (tablename)) 1= OK)

nri nT-f f "ERRO. P create returned gr\n" result);

4.7 Loading a Table

When a database is opened, only the two data dictionaries are loaded into the main memory
data structure. It is up to the application to load into memory whatever database tables it wants to
use. Loading a table into memory is done with the Ploadftablename, &newjParm) function,
which takes two parameters - tablename and new parm. T he name of the table to be loaded is
passed in the character string variable table-name. The parameter new_parm is of type
PARMTYPE, which is defined in pamm.h. It lists the parameters for the table that can be
adjusted at load time to alter database performance. If no changes are desired, the value NULL
should be passed in newparm's position. If the parameters are changed, they replace the default
values for all subsequent table loadings until they are changed again. The parameters are:

maxchains - The maximum number of record chains allowed in each directory block.
DEFAULT= 11

split val - The maximum average nonzero record chain length allowed in the P directory
block before a split must occur.
DEFAULT = 1.0

overflow - The maximum average nonzero record chain length allowed in a non-?
directory block before a split must occur in that block.
DEFAULT = 1.5

1I
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initialm - The initial value for M, or the initial number of directories when loading the
table (should be a power of 2).
DEFAULT = 2

maxdirs - The maximum number of directories allowed per open table (should be a
power of 2).
DEFAULT = 2048

supdups - True to suppress duplicate record keys; false to allow duplicate record keys.
DEFAULT = TRUE

sortchain - True if record chains are to be kept sorted; false if record chains are not to be

DEFAULT = TRUE

The code for loading a table named "tablel" into a previously opened database is:

char table name[283;
PARMTYPE new_parm;

st rrnz - able namen I' ahe al e1;
if ( (result = Pload(tablename, &newparm)) != OK)

printf ("ERROR Pload returned %d\n", result);

4.8 Opening a Table

To open a table that has already been loaded, the command is P onenhahsnama-
accessmode, &rd), where the name of the table to be opened is passed in the parameter
tablename. The access permission is passed in a variable of type ACCESSTYPE, and the only
permissible values are READ, WRITE, and READ9VR1TE, which are defined in pamm.h. The
third parameter to ?_open() is the address of a table descriptor (&d) that is used for all successive

-1-1- jr-1- ~ ~ ~ fl't. -...LL. W"A %SOR -Tnr I - -I
LWulc acLcsseCs Iu UiC upnulig prLUCC5. i tau1 e ueswCnpur is of type PANUViZ_ trI i- ana must be
allocated before P openfo is called. For successful execution, each process that accesses a PAMM
table must perform its own Popen() on that table. Upon successful completion, P openo returns
a valid table descriptor, which is used to access the table. The code for opening a table that was
previously loaded is:

char tablename[28f;
ACCESS TYPE access-mode;
PAMMTYPE td;

strcpy(tablelname, "table)"');
accessmode = READWRITE;
if ((result = P-open(tablename,accessmode,&td)) '= OK)

printf("'ERROR P_open returned %d\n", result);

12
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4.9 Closing a Table

To close a table, the command is P close(&td), where rd is a valid table descriptor of the
table to be closed. When Pclose() returns, the table descriptor is no longer valid. Further
accesses with the table descriptor return an error message. P_closeo) does not unload the table but
simply decrements its open count The code for closing a table is:

PAMM4_TYPE td;

if ((result = Pclose(&td)) != OK)
{

printf(I'ERROR Pclose returned %d\n", result);

4.10 Saving a Table

To save an intermediate copy of a loaded table to disk, the command is P savefrable name,
save file name). The maximum length of the table name is 27 characters, excluding file extension
(".datN0"), and the maximum length of the saved file name is 31 characters. It is recommended that
the new saved file name not be the same as the table name plus file extension (".dat") because
when the table is unloaded, it overwrites the intermediate copy. The code to save a table is:

chart tlCable name ro 1 -
\_ss _ X J _s AzL - -

char savefile name[32J;

strcpy(tablename, "tablel");
strcpy(save filename, "newfilename");
if ((result = P save(tablename, savefilename)) != OK)

printf("IERROR Psave returned %d\n", result);

4.11 Unloading a Table

To unload a table that is no longer open, the command is P unload(table name). If the
table is still open by any process, P unload( fails, immediately returning TABLESTILLOPEN.
The code to unload a table is:

char table name 1281;

strcpy(tablename, "tablet');
if ((result = P unload(table name)) != OK)
{

printf("ERROR P-unload returned %d\n", result);

13
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4.12 Deleting a Table

To delete a table, the command is Pdeleterableftablename). This command deletes the
data file rablename.dar and removes the information about the table and its attributes trom the two
data dictionaries. This command must be called before Popen DB() or after Pclose DB()
because it strictly alters the disk versions of the data dictionaries1 not the PAMM structures. This
operation is nonreversible. The code to delete a table is:

char tablename[28l;

strcpy(tablename, "table)t');
if ((result = P delete tablettable name'il != OKI
{ 

printf ("ERROR Pdeletetable returned %d\n", result);

4.13 Inserting a Record

To insert a record into a table, the command is P inserc(&sd, record ptr), where td is a
table descriptor of type PJAv4va_TYVPE ad recor dI fr is a pVintAer. to LIA dat.a r krn. .s. ... na.

Currently the record's key field must be the first four bytes (an integer) of the data record,
however, this restriction may be removed in later versions of PAMM. P insert( will return the
value OK if the insertion completed successfully, NOWRITEPERM if the table was not opened
with WRITE or READWRITE permission, or DUPLICATEKEY if a record with that key is
already in the table and duplicate suppression is turned off. The code to insert a record is:

PAMMTYPE td;
char *recordjptr;

/* datarecord is defined and allocated elsewhere */
recordptr = &datarecord;
if ((result = P insert(&td, record_ptr)) != OK)
f

printf ("ERROR P insert returned %d\n", result);
}

4=14 Reading a Record

To read a record from a table, the command is P read(&td, key, recordfitr), where td is a
table descriptor of type PAMMTYPE, key is a 32-bit integer key value of the record to be
retrievedt and record ntr is a Dointer to a previouslY allocated buffer where the retrieved record can
be placed. P read() will retu OK if it found the record, TABLENOTOPEN if the table was
not open or the permissions were wrong, or RECORDNOTFOUND if the record was not found
in the table. The code to insert a record is:

int key;
char *record-,ytr;
PAMMTYPE td;

14
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/* datarecord is defined and allocated elsewhere */
record ptr = &datarecord;
key = * ( (int *) recordsptr);
if ((result = Pread(&td, key, record_ptr)) != OK)
{

printf("ERROR Pread returned %d\n", result);

4.15 Updating a Record

To update a record in a table, the command is P update(&td, recordedtr), where td is a
table descriptor of type PAMMTYPE and record_ptr is a pointer to a record whose contents will
replace the record in the table with the same key field. The key of the record to be updated is found
in the first four bytes of the record pointed to by recordfirr. If there is no record with that key in
the table, an error message will be printed and the value RECORDNOTFOUND will be
returned. The code to update a record is:

char *recordstr;
PAMMTYPE td;

/* datarecord is defined and allocated elsewhere */
recordstr = &datarecord;
if ((result = Pupdate(&td, record_,ptr)) != OK)

printf("IERROR Pupdate returned %d\n", result);

4.16 Deleting a Record

To delete a record from a table, the command is P delete(&td, key), where td is a table
descriptor of type PAMMTYPE and key is a four-byte integer whose value is the key of the
record to be deleted. P delete) removes the record from the table, but it does not release the
memory back to the system for reuse until the database is closed (P_closeDBQ). The code to
delete a record is:

int key;
char *record_ptr;
PAMMTYPE td;

1* data rsrnrd ,is dei-fined and allneated elsewhere *1
recordsptr = &datarecord;
key = *((int *) recordjPtr);
if ((result = Pdelete(&td, key)) I= OK)

printf("'ERROR Pdelete returned %d\n', result);

15
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4.17 Initiating a Database Session

As an example, we show a portion of a C program that opens a previously created database
named "DBname" and then loads two tables named "tablelt" and "table2T into PAM strctures.
At this point, it copies 1000 records from "rablel" into "table2T by forking 10 processes and letting
each process copy a block of 100 records. Then it unloads both tables and closes the database.
"tablel" will have its PAMM structure parameters modified for different performance. ITe code is
as follows:

int result;
char database name [291;
char tablenarel 28);
char tablenameN2 28;
PARMTYPE newparm;

/* PAMM4 is initialized iust once in a oroaram, /
/* before any other PAMM calls are made. */
if ((result = P inito() 1= OK)

printf ("ERROR Piknit returned %d\nl", result);

/* Open the database *
/* The name of our example database is "3DB2namel */
st rcpydriatPhass names, 'TDB namre"I;
if ((result = P openDB(databasename)) != OK)

printf(I"ERROR P openDB returned %d\n", result);

/* Load "tablel" and change its PAMM table parameters */
strcpy(tablenamel, "1tablel)));
newyarm.max chains = 512;
newv n=rm Qn-rl aI = t 01;
newyarm.overflow = 5.01;
nrwyerarm.initial m. = 32;
newjparm.max dirs = 27;
new_parm. sup~dups = TRUE;
newyparm.sort chain = FALSE;

if ((result = Pload(tablename, &new_parm) 1= OK)

,f1 i L.L1L. u LJIX\'..flX L _L |dVL _A_ .. \ , 

/* Load "table2 " but don't alter PAMM table parameters*/
strcpy(tablename2, "table2");
if ((result = P load(tablename, NULL)) != OK)

printf I(ERROR P_load returned %d\n", result);

I* Fork some processes to do concurrent database work *1

16
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/* and wait for them to finish */
for (i=O; i C 10; i++)

task (i);

for (i=O; i < Ntasks; i++)
{

wait o;
}

/* Unload the tables with their new or altered data */
if ((result = Punload(tablenamel)) != OK)

printf ("ERROR Punload returned %d\n", result);

if ((result = P unload(tablename2)) != OK)

printf("ERROR Punload returned %d\n", result);

1* And close the database */
if ((result = P closeDB(databasename, FALSE)) != OK)
f

printftKERROR P close DB returned rain!!, resuit;;
I

Each task opens both tables; "table1" is opened with read permission and "table2" is
opened with write permission. Records are read from "table 1" into a buffer named buft] and then
written into "table2." from that buffer. Record keys are computed by allocating each process a
block of 100 records. Thus, process 1 copies records with keys in the range of 0 to 99, and
process 2 copies records with keys in the range of 100 to 199, etc. Then both tables will be
closed. The code for each task is:

task (no)
int no;

int key
PAMM TYPE tdl;
PAMMTYPE td2;
char buf[1000];

/* Open both tables */
if ((result = Popen(lltablel", READ, &tdl).) !- OK)

printf ("ERROR Popen returned %d\n", result);

if ((result = P_open(Utable2l', WRITE, &td2)) != OK)

printf("ERROR P_open returned %d\n", result);

17
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/* Copy 100 records from tablel to table2 */
for (i=o; i < 100; i++)

key = (no * 100) + i;
if ((result = P read(&tdl, key? buf)) r OK)

printf ( "F.RROR P reand rtnwrnsd %d\n'K resnltf;

if ((result = P insert(&td2, buf) != OK)

printf ("ERROR Pinsert returned %d\n",result);

}

f1* rfl~ns hnl-h tihbln *1{
if ((result = P_close(&tdl1)) != OK)

printf("IERROR Pclose returned %d\n", result);

if ((result = Pclose(&td2)) != OK)

printf("'ERROR P close returned %d\n", result);

5.0 DEBUGGING PAMM

In the unlikely occurrence that PAMM contains software bugs, debugging messages have
been included throughout the PAMM source code. They are turned off by default but are easily
activated by editing pamm.h and removing the character X' (capital X) from in front of any
Aa%,rrmn frhayall ;rr inon Aphuur ecnrtnn)' Parh Ae-hra marm rnrrecnnndc writh a nra rirndr

LII, U %AtW\Li.~j t~ -L± El -i -'Lt t ,, - --A
1

. -' 11r1-" -'
PAMM source code module (except for one macro: DEBUG, which is a catchall for some lower
level routines) and are easily correlated. The application program and the PAMM must then be
recompiled (PAMM using the make file). To tum the debug messages off again, place the Xt in
front of the debug macros that had been activated and recompile the source code. When they are
turned off, they do not affect the performance of PAMM because they are not compiled into the
code.

XXTLr,.- Ltta Aeak.unn-.rng ,resa nnnt nraore atroaA theAiy -Al1 I-i' pnAnt.A nnr the r-ren.. Tf -hat ic
undesirable, they may be printed to a file named "PAMMdebug-messages" by editing pamm.h
and removing the 'X' from in front of the macro `DEBUG_FILEON` and recompiling PAMM
and the application source code. If the application is executed a second time, the contents of the
debug messages file from the previous execution will be lost if not saved.

6.0. EVENT LOGGER

The GP1000 can log histories of events that occur during a program's execution. We have
included this facility for m1 onLto nlng and optimizing PAMT' performance. Macro calls are
inserted into the code at specific locations to record the time that a process executes that command.

18
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The time stamps are saved in a file that is later viewed on an X terminal by using the "gist"
command. (See the Mach 1000 operating system manuals for using the event logger and gist.)

Events have been inserted into the PAMM source code for recording events. To turn this
feature on, uncomment (or define) the macro ELOG in pamm.h and recompile (using the make
file) the PAMM code and the application program. If events are desired in the application code,
they may be added also. For each forked process that wants to log events, two macros must be
called: TASKSTARTUP and TASK_CLEANUP. Both macros can be found in pamm.h.

This feature is useful for finding performance bottlenecks in the application code. The
event logging facilities are turned off by default and, when turned off, do not affect the
nperfnrrmnr.e nf PAMM hecausze they are not enmniled inm the node. 'Whien the event lnoginp
facilities are turned on, the overhead incurred is minimal, so performance should not be altered
significantly.
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PAMM Command Definitions

NAME

P-close

SYNOPSIS
#include <pamnm.h>

ret = Pclose(td);
int ret;
PAMM TYPE *td;

DESCRIPTrON
P_close( closes the table referenced by the table descriptor td decrementing the
table's open count. It also invalidates td for later use in the calling program.

RETURN VALUES
OK
TABLENOTOPEN

table was closed successfully
td is not a valid table descriptor

22
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PAMM Command Definitions

%IT Al ISII1I tvim t.I

PcloseDB

SYNOPSIS
#include <pamm.h>

ret = PcloseDB(dbname, wait);
int ret;
char dbnamel};
BOOLEAN wait;

DESCRIPTION

Pclose DB() closes the database called dbname. It unloads aU the tables
currently residing in the main memory data structure onto the disk and unloads the
data dictionaries. The database cannot be closed while tables remain open. If one
or more tables remain open, the wait parameter allows the calling program to
specify whether Pclose_DB() should wait for all tables to be closed before closing
the database or fail and return an error message. If wait = TRUE (1),
Pclose DB(') will wait, but if wait = FALSE (0), PcloseDB( will fail, returning
the code OPENTABLEBUTCANTWAIT.

RETURN VALUES
OK

OPENTABLEBUTCANTWAIT

database was closed successfully
a fatal error occurred
tables are still open and wait was set
to FALSE (no wait)
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PAMM Command Definitions
NAME

Pcreate

SYNOPSIS
#include <pamm.h>

ret = Pcreate(tablename);
int ret;
char tablenameFi;

DESCRIPTION
P_create9 creates a table called tablename. A file called "table-name.scm" must
exist in the current directory, which must be the schema file for the requested table,
and it must be of the format described in NOTES below. P create) adds the new
table's information to the data dictionaries without loading the database into main
memory. Pcreate() also creates an empty data file for the table named
"t ablename.dat'. P create() must be called before P open DBO3. i.e., the
database cannot be already loaded into main memory.

NOTES
The schema file format is as follows, where the reserved words are in bold and the
user-supplied variables are in plain text:

database dbname
attr attrl name. tvDe attl tvne. key I
attr at2 name, type attr2gtype, key 2
attr attirname, type attr3stype, key 0

etc

attr attrNjname, type attrN-jype, key 0
end

Allowable values for type are.
TYPE C TYPE SIZE DESCRIPTION
char char 1 byte 8-bit character
short short 2 bytes 16-bit, short integer
integer int 4 bytes 32-bit integer
long long 4 bytes 32-bit integer
float float 4 bytes 32-bit, single-precision floating point
double double 8 bytes 64-bit, double-precision floating point

Ay ^UnrT7fl V Mhyrtac NJ I huti- rnhnrnrter cn-nor nplus nullstrIing LT %111"LUL 1J1 t7JP.%$ Al A . j-- -Clr -

terminator

In the current version, the values for key have no meaning and the first attribute
must always be of type integer.
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RETURN VALUES
OK
SCHEMANOTFOUND
SCHEMASYNTAXERROR
TABLEALREADYEXISTS
CREATEFAILED

the table was created successfully
"table name.scm" does not exist
schema file is not in correct format
table already created in the database
a fatal error occurred

25
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PAMM Command Definitions
NAME

P createDB

SYNOPSIS
#include <pamzm.h>

ret = PcreateDB(dbname);
int ret;
char dbnamell;

DESCRIPTION
P create D(R creates a new database with the name passed in dbname. If the
uaiaDase rreauy exiSES, r Cre UVf rInians au printns a error message. 11 cIres
and initializes the data dictionaries for the new database. It does not involve the
main memory data structure.

RETURN VALUES
OK
DBALREADYEXISTS
DBCREATEFALED

database was created successfully
dictionaries for db name already exist
a fatal error occurred
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PAMM Command Definitions

NAME

Pdelete

SYNOPSIS
#include <pamm.h>

ret = Pdelete(td, key);
iLLt ret;
PAMM TYPE *td;
int key;

DESCRIPTION
P_delete() deletes a record with integer key, key, from the table described by td.

RETURN VALUES
OK
NOWRITEPERM
RECORDNOTFOUND

record was deleted successfully
table is not open with write permission
key does not exist in table id
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PAMM Command Definitions

NAME

Pdeletetable

S YNUPSIS
#include <pamm.h>

ret = P deletetable(tablename);
int ret;
char tablename[3;

DESCRIPTION
Pdeleteiableo deletes a table with the name tablename. It requires that a schema
file of the correct format (see PcreareQ) exists called "tablenarme.scmn". It deletes
the given table's information from the dictionaries without loading the database into
main memory. It also deletes the data file for the table, which is named
"table-name.dat". It must be called before Popen DRQ, i.e., the database cannot
be already loaded in main memory.

RETURN VALUES
OK
SCHEMANOT_FOUND
SCHEMASYNTAXERROR
TABLENOTEMST
DELEThTABLEFAILED

table was deleted successfully
"tablename.scm" does not exist
"table- name.scm" is not in the correct format
cableiame was not found in the dictionaries
a fatal error occurred
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NAME

P destroyDB

SYNOPSIS
#include <pamm.h>

ret = PdestroyDB(db name);
int ret;
char db nameH3;

DESCRIPTION
PdestroyPB( destroys the database called dbname. It removes the data
dictionaries and all data files belonging to its tables. It is not called on an open
database.

RETURN VALUES
OK
DBDIDNOTEXIST
DESTROYDBFAILED

database was destroyed successfully
dbname does not exist
a fatal error occurred
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NAME

P nmit

SYNOPSIS
#include <pamm.h>

ret = P - inito;
int ret;

DESCRIPTION
Pinit() allocates and initializes all of the global data structures that PAMM uses. It
must be called before any other PAMM routine except P createDB(,
PdesrryyDB(, P_createo, and Pdeletetable(0. It must be called by thie parent
task of all tasks that access the PAM structures because this function sets the
memory inheritance for all global memory. It returns the values OK if P-init()
completed successfully or NOT_OK if there was an error.

RETURN VALUES
OK
NOT_OK

PAMM was initialized successfully
a fatal error occurred
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#include <pamm.h>

ret = Pinsert(td, data rec);
int ret;
PAMM TYPE *td;
char data rec[];

IWWRIPTION

Pinsertr( inserts a record, datarec, into the table described by td. The key for the

record is assumed to be an integer in the first four bytes of datarec.

RETURN VALUES
OK
NO_WRITEPERM
DUPLICATE-KEY

record was inserted successfully
table is not open or only open with read permission
key already exists and duplicates are suppressed
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NAME

P_load

SYNOPSIS
#include <pamm.h>

ret = Pload(tablename, newyarmb;
int ret;
char table namef];
PARM TYPE *new-parm;

DESCIPtTION
P_load() loads the data from the table on disk, table_name.dat, into the main
memory PAMM data structure. It then makes taename available to be opened for
use. The parameter new_parm specifies many different parameters for the control
of the table. It is described in NOTES below. Pload() must be called before
Popen(, even if the table is empty because it creates the table's directory structure.

NOTES
The type PARMTYPE is defined in pamm.h. These parameters can be adjusted

to improve the efficiency of the database.

typedef struct parm type x
{ 

int max chains;
float splitval;
-l -Lat I:v U f ::L LG'~W;
int initial m;
int maxdirs;
BOOLEAN supdups;
BOOLEAN sortchain;

} PARTYPE;

max chains - The maximum number of record chains allowed in a directory
block. DEFAULT = 11

split val - The maximum average nonzero record chain length allowed in the P
directory block before a split must occur. DEFAULT = 1.0

overflow - The maximum average nonzero record chain length allowed in a non-
P directory block before a split must occur in that block. DEFAULT = 1.5

initial m - The initial value for M at the opening of the database (should be a
power of 2). DEFAULT = 2
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max dirs - The maximum number of directories allowed per open table (should be
a power of 2). DEFAULT = 2048

sup dups - TRETP to suppSres dupliratpe keyc PAT -S if tluinlirstsc keys are
oa~v-~~rso '' ` `r~r-w`J' `k~w` a -2 -- --- *.. -aaJ

allowed. DEFAULT= TRUE

sort chain - TRUE if record chains are to be sorted, FALSE if record chains are
kept unsorted. DEPAULT = TIR-E

RETURN VALUES
OK
TAT lP XTrflT BRAVT

IL L Ln , -L__LaJ A

TOQMANYTABLES
nA r i r A VT LT%L"Wmaw-r-

table name was loaded successfully
tnhlo Nnmo ARC nat av;kt an thic Aatmhauc
flaJ~t. Age&tw' LCtJt aA -fL' ""SAL AC a

too many tables are currently open (20)
a fatai error occunca


